The purpose of this study was to measure how mammography readers' performance varies with time of day and time spent reading. This was investigated in screening practice and when reading an enriched case set. In screening practice records of time and date that each case was read, along with outcome (whether the woman was recalled for further tests, and biopsy results where performed) was extracted from records from one breast screening centre in UK (4 readers). Patterns of performance with time spent reading was also measured using an enriched test set (160 cases, 41% malignant, read three times by eight radiologists). Recall rates varied with time of day, with different patterns for each reader. Recall rates decreased as the reading session progressed both when reading the enriched test set and in screening practice. Further work is needed to expand this work to a greater number of breast screening centres, and to determine whether these patterns of performance over time can be used to optimize overall performance.
INTRODUCTION
In the UK National Health Service Breast Screening Programme qualified readers are required to read more than 5000 cases per year [1] . These readers are either radiologists or radiography advanced practitioners (radiographers trained to take mammograms, who are re-trained to read and interpret those mammograms alongside the radiologists). This is a monotonous task, which requires high levels of skill and vigilance to detect the sometimes subtle indications of malignancy. Understanding the patterns of performance of these readers could potentially lead to methods to optimize that performance, and therefore detect a greater number of cancers whilst recalling fewer women for further tests, which are both invasive and can cause anxiety and distress [2] . Furthermore, any patterns of performance variation with time spent reading a case set or time of day may be of methodological interest, as they may affect the results of enriched case set Receiver Operating Characteristic (ROC) studies unless controlled for across conditions. This study presents some pilot data in the field.
There is limited research on changes in mammography performance with time spent reading, however Cowley and Gale [3] have reported an increase in specificity and concurrent decrease in specificity with time spent reading the PERFORMS [4] test sets of mammograms in the UK. This is accordant with a theory of threshold increase over time. Changes in performance with time spent working have been detected for many tasks which have similarities to reading screening mammograms. A vigilance decrement of performance decrease over time has been observed in a wide range of tasks, most notably in repetitive visual tasks where the target is difficult to detect, [5] (circumstances similar to those found in mammography). There is also a prevalence effect which manifests itself in a decrease in detection rate over time when searching for a rare target such as a cancer in breast screening. This has been studied for the similar task of airport baggage screening. [6] The "2 to 4 hour shift" [7] is a dip in performance detected with time on shift for lorry, train and car drivers, and may also be relevant as driving is a safety-critical repetitive visual task similar to breast screening, although it is conceivable that such a dip may occur sooner in breast screening since it is a more intense visual task.
Variation of performance in radiology with time of day has been investigated in several studies. Gale et al. [8] report a drop in sensitivity searching for lung nodules after lunch, in comparison to reading in the morning and evening. Two more recent studies have found a drop in radiology performance as the working day progresses. A retrospective analysis of reading performance of mammography test sets showed slightly improved performance (ROC A z ) in the morning in comparison to the afternoon, [9] but the retrospective study design may have some biases. A prospective analysis of diagnostic accuracy reading bone fractures found a decrease in performance (ROC AUC) after a working day in comparison to before. [10] The authors attribute this effect to oculomotor fatigue. However no performance variation with time of day has been found for radiologists reading the PERFORMS test sets, [3] athough there is a trend towards a slight threshold increase in the evening. [11] 
METHODOLOGY
Two data sources were analysed: Data extracted from records in the UK National Health Service (NHS) Breast Screening Programme (representing performance in screening practice), and data collected from participants readings an enriched test set of mammograms under test conditions.
Screening practice
In The UK Breast Screening Programme readers interpret the mammograms and input their decision to the National Breast Screening Service [12] database either via barcode reading (if they still use film screen mammography), or directly into NBSS via the digital mammography workstation if they have this technology available (fig 1) . The NBSS database records the exact date and time at which each decision is entered. In this study a Crystal [13] report was developed to extract the time and date that each decision was entered, whether the decision was to recall the woman for further tests or not, and if the woman had further tests what the outcome was. For analysis of performance with time of day a report was used to extract data for 4 readers at one centre, between 1 st January 2009 and 30 th September 2010, in total over 20,000 cases. For the analysis of performance with time spent reading, data for seven readers was extracted for the time period 1 st January 2007 to 31 st December 2009, in total over 170,000 cases. For the time of day analysis the time and date stamp from the records was used to group cases into the time slot within which they were read. For the analysis of time spent reading the time and date stamps were used to calculate when breaks of over one hour were taken, and therefore for each case at what time it was read in relation to those breaks. 
Enriched set of test cases
Recall rates with time spent reading were analysed for eight participants reading an enriched test set of 160 mammograms three times, over a total of nine sessions each.
RESULTS

Variation with Time of Day
The volume of cases read varied with time of day, with the most popular reading times mid-morning or mid-afternoon (fig 2) . None of the readers in this study had set reading times, they read batches of mammograms whenever they got the opportunity. Figure 2 . The proportion of cases that were read at each time of day. The majority of cases were read between 10am and 12pm in the morning, and between 2pm and 5pm in the afternoon.
Recall rate for mammography readers appears to vary with time of day, but not in the same manner for all readers (fig 3  and 4) . Statistical teats for patterns were not possible due to the small number of readers and diversity in patterns of performance. Data for a larger number of readers is being collected, and these will be analysed to determine whether the readers can be characterized into types with similar patterns. 
Variation with time spent reading
In screening practice recall rate was 2.3% higher for the first ten cases than the second ten read since a break (t(6)=4.6, p=.004, 95%CI of difference = 1.0% to 3.5% ). In the enriched test set a small trend towards the same pattern of declining recall rate with time spent reading was observed (t(7)=2.2, p=.06). There was a large amount of noise in the data which is due to variation in case difficulty and the small number of cases. An example of the trend of recall rate over time for one reader is given in figure 5 . Figure 5 . Percentage recalled over time in the enriched case set study for reader 1. The high levels of noise in the data are due to variation in case difficulty in the small case set (160 cases).
CONCLUSIONS
Performance reading mammograms may vary with time of day, time spent working and break scheduling. Further research is necessary in this field, both using experimental studies with test cases and observational studies re-analysing the results of cases read in screening practice.
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